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NATIONAL ADVTSORY COMMITTEZ FOR AERONAUTICS 

AERODYNAMIC 

LINE SInm 

By Joseph  Well and Kenneth W. Goodson 

AH part of an NACA transonic  research  program, a series of wing-body 
ombinations m e  being investigated in the Langley high-speed 7- by 10- 
foot tunnel up to a Mach number of 1.18 utilizing  the  transanic bmp . 

This  paper  presents  the  results  of  the  investigation of a wing-  
fuselage  combination employing a w i n g  w i t h  the  quarter-chord  line  swept 
back 45O, with aspect  ratio 4, taper  ratio 0.6, and an NACA 65~006 air- 
foil section.  Lift, drag, pitching mcanent, and root  bending  mcanent  were 
obtained  for  the wing-alone and --body configurations.  Effective down- 
wash angles and dynamic-pressure  characteristics in  the  region  of  the  tail 
plane were also obtained and are presented  for a range of tail  heights  at 
one tail  length. The effects of  two  wing-fence  arrangermente  were  investi- 
gated. In order t o  expedite  publishing  of  these  data cmly a brief  analysis 
is included. 

IN'IXODTJCTION 

The urgent need for  aerodynamic  desiep  data in the  transonic  speed 
range ha8 led to  the  establishment of a special NACA committee for tran- 
sonic  research. A s  part of t he  NACA transctnic  research program recom- 
mended by this  committee a seriee  of wing-body configurations  having a 
plan  form  a3  the  chief  veriable are being investigated in the Langley hi&- 
speed 7- by IO-foot  tunnel  utilizFng  the transmic-bmp test  technique. 
For each  wing-fuselage  combinatian  investigated t h e  lift, ha@;, pitching- 
moment, and root  bending-mamant  characteristics  are  determined  up to a 
Mach nmber of about 1.18. In addition,  effecti've  downwash angles and 
dylramic-pressure  characteristics.are  obtained  for a range of tail  heights 
at one tail  length. 
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T h i s  paper presents  the  resulte of the  lnvestigat_ian of the wing-  
fuselage  cmbinatim mploying a xin@; with the  quarter-chord line swept 
back 45O, w i t h  aspect   ra t io  4, t aper   ra t io  0.6, and an XACA 65~006 air- 
foil section. 

e 

0 

MODEL AND APPARATUS 

The wFng of the semisp model had 45O of sweepback referred  to   the 
quarter-chord line, a t ape r   r a t io  of 0.60, aspect   ra t io  of 4, and an 
WACA 65~006 a i r f o i l  eection parallel t o   t h e  free stream. The wing was 
made of beryllium  copper and the  fusel-age  ofbrass. A two-view drawing - 

of the model is presented in figure 1 while  ordhatee  of-the fuselage of 
f ineness   ra t io  10 can be found in table I. Details of the two wing fences 
that were used in  the comae of the investigation axe shown in figure 2 .  

The model w a s  mounted on an electrical   strain-gage balance, whioh was 
enclosed in  the bmp, and the l i f t ,  drag, pitching manant, and bending 
moment about  the model plane of symmetry were measured w i t h  calibrated 
galvanometers. The angle o f a t t a c k  was changed with a amall e lec t r ic  motor * 
and the  value of the angle was determined with a calibrated  slide-wire 
potentiometer. 

w 

Effective downwash angles w e r e  determined. fo r  a range of tai l  hei&hts 
by measuring the floatFng.aggles of f ive  f ree-f loat ing tails wi%h the aid 
of calibrated  dlde-wlre  potentimeters.  Details of the  f loating tails, I 

which had plan forme Identical  t o  that of the wing, m e  shown in figure 3; 
while a photograph of the test set-up on the bump is.givap__in figure 4. 

A total-head comb  was used t o  determine  dynamic-pressure ratios fo r  a 
range o e h i l  height8 in .a plane which contained  the  25-percent mean- 
aeSodyn&mic-chord point of the free-floating tails. The total-head tubes 
were spaced 0.25 inch apart-. 

SYMBOLS 

CL 

CD 

c, 
panel  pitching morment 

SS8 
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CB bending-moment coefficient a t  plane of spmmtw 

‘S 

a 

effective dynamic pressure over span of model, pounds per 

square foot ($4 
c 

twice wFng area of semispan model, 0 .I250 s q w e  foot 

mean aerod-c chord of wing, 0.18L ft; based 04 relation- 

ship glb’2c2& S (using the   theoret ical   t ip)  

C local  wing chord 

b twice span of eemlspan model 

Y spanwise distance fram plane of symmetry 

P air   density,  slugs per cubic  foot 

v airspeed,  feet per second 

M effective Mach nmber over span of model 

Ma average  chordwise local Mach nmhr 

M2 loca l  Mach number 

R Re-ynolds number of w i n g  based an c 
- 

3 

a .  angle of attack,  degrees 

E effective domwaeh angle, degrees 

¶w&e/q r a t i o  of point   mamic pressure at  quarter chord  of tail mean 

(L/D)- maximum r a t i o  of 1-t t o  drag 

aerodynamic chord to  free-stream dynamic pressure 

la te ra l   cen ter  of pressure, percent eemispan 

h t  t a i l   he igh t   r e l a t ive  t o  wing chord plane extended,  percent 
semispan; positive f o r  tail  positions above the chord plane 
extended 
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Subscripts and a?brevlatfone: 

NACA FM No. LQA21 

a.c.  aerodynamic center 

TESTS . .  

The t e s t s  were made in   the Langley high-speed 7- by 10-foot-tunnel 
u t i l i z ing  an adaptatlon of the M E A  wing-flow technique - f o r  obtaining 
transonic speeds. T h e  technique uged Involves  placing  the m c d e l  in the 
high-velocity flow f i e l d  generated over the  curved surface of a bump an 
the tunnel f loor .  (See reference 1 .) 

Typical  .cantopre  .of  local Mach number in tkre vicini ty  of the model 
locatfan on the bump are shown i n  figme 5. It i 8  &en that there is a 
Mach number gradient o f  abquk0.04 over the model semiepan a t  low Mach 
numbers and f'rm 0.06 eo 0 .O7 at the highest Mach nunibera. The chordwise 
Mach  number gradient is generally lese than 0.01. No at te ipt   has  been 
mde. to   evaluate   the  effects  of this chordwiee and spanwise Mach number 
variation. Note that the long dashed lines shown ne= the rook-of the 
wing ( f i g .  5 )  indicate. a loca l  Mach  number 5 percent below the maximurn 
value and represent .a nominal extent of the b g p  boundary layer. The 
effective t e a t  Mach number m a  obtained from cantourcharts  similar t o  
those  presented in figure 5 uaing$he  rel&tianahip 

. - - - . . . 

L 

The variation of mean test Reynolds number with Mach nmber is shown 
Fn figure 6 .  The boundaries on the.f igure v e  m Fndication of' the prob- 
able range in Reynolds number cawed by variations in tea%- conditlms in 
the course of the Investigation.:: - .  

. . .  

Force and moment- data,  eff-ctive  dhwash angles, and the   ra t io  of - 
dynamic pressure a t  25 percent of the tail mean aerodynamic chord. t o  
free-stream dynamic pressure were obtained for vaxiow model conffgura- 
t ions through a Mach number rangsof  0.60 t o  1-18 and &z1 an&e-of-att&k 
r a e  of - 9  t o  loo. 

" 

" 

.. 

.. - . " . .  - .  

. . .. . . . .  . .. " 
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By measuring t a i l  f l o a t h g  angles without a &el instal led it W&E 
determined that a t a i l  spacing of 2 inches would produce negligible  inter-  
ference  effects of reflected shock waves on t h e ’ t a i l   f l o a t i n g  angles. 
Downwash f o r  the Xing-alone configuration were therefore  obtained 
simultaneously for   the middle, highest, and lowest ta i l  positions in one 
ser ies  of tes ts ,  and sgnultaneously f o r  the two intermediate  positions in 
succeeding rtms. (See f i g .  3.) The downwash m g l e s  presented are incre- 
ments from the ta i l  f loat ing angles without. a model in position. It 
should be noted that the f l o a t i n g  angles measured are in r e a l i t y  a meas- 
ure  of zero pitching mcrment about the tail pivot a x i s  rather than the 
angle of Zero l if t .  It has been estimated, however, that f o r  the t a i l  
arrangement  used a downwash gradient of 2O acrosa  the span of the tail 

resu l t  in . a n  error  of less than o .lo in the measured downwash angle. 

Total-head readings obtained  fram  the t a i l  surrey cmb have been cor- 
rected. f o r  bow wave loss. The static-pressure values used in oomputing 
the dynamic-pressure r a t io s  were obtalned by use of a s t a t i c  probe. 

RESULTS ATID DISCUSSIOX 

. A table of the  f igures  presenting  the  results is even  below: 
Figure . Basic wlng-alone data . . . . . . . . . . . . . . . . . . . . . . .  - 7  

v Basic  wing-fuselage data. . . . . . . . . . . . . . . . . . . . . .  8 
Effect of  wlng fences an wing-fuselage character is t ics .  . . . . . .  9 
Dyna;mic-pressure SurVeyS. . . . . . . . . . . . . . . . . . . . .  10 
Effective downwash angles (Xing alone). . . . . . . . . . . . . .  IJ 
Effective downwash angles (wing fuselage) . . . . . . . . . . . .  12 

. Sumnary of aerodynamic character is t ics .  . . . . . . . . . . . . . .  13 

The d i S C U E s i O I l  18 baaed the t3lmnnRriZed V d W a  given in figure 13 
unless otherwise noted. Note that the slopes summarized in figure 1 3  
have  been averaged  over a lift range of 9.1 of the ncanfnal l i f t  
coefficient . 

L i f t  and Drag Characteristics 

‘. The wing-alone l i f t -curve Slope measured near zero lift -8 
about 0.059 at a Mach  number of 0 .a. This ccmpared w i t h  a%/& 
of 0.057 obtained f r o m  the  unpublished l o w - s p e d  semispan data of a wing 
w i t h  ident ical  geametry which was tes ted in the  Lasgley  two-dimensimal 

I tunnel at Reynolds numbers up t o  12 X lo6. The lift curves below M = 1.05 
, were nonlinear;  the slope at  higher l i f t  coefficients was samewhat less 

than that  near zero lift. Above M = 1.05 the l i f t  curves were essent ia l ly  
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lfnear over the test l i f t  r a g e  . (See f i g s  . 7 and 13 .) The b a s i c   l i f t -  
curve slope was increased by as average of X) percent by-the addition of 
the fuselage . 

The drag  r ise  at zero l i f t  occurred a t  a Mach nmber of about 0.93 
f o r  both w i n g  and wing-fwelage  conditions. It should be remembered that 
the  absolute drag coefficients are probably hi& because of the presence 
of &-plate taze and.also because of the low Reynolds numbers at which 
the tests were rm. A t  a Mach nmiber of 0.6 the minimum drag coefficient 
f o r  the trlng alone W&B 0.010. This value ccrmpares w i t h  a minimum drag 
value of approximately 0.0050 obtained from the previous1  mentioned.10~- 
epeed investfgation lpade a t  a Reynolds number of I 2  X 108 The values 
of (L/D)- ahm in figure 13 are amwhat  low because of high  absolute 
drag and are presented  primarily  for  omparisan with the other wings t o  be - 

lnvestiga.ted in  this series. 

m e  laterd center of preseure for the wtng d o n e  (% = o .4) increased 
f r o a n  about 48 percent w d e p a n  a t  M = o .60 t o  about 50 percent semispan 
at M = 0.98. Between M = 0.98 and 1.05 there is a fairly  abrupt  out- 
boasd mvemant  of y, t o  about. 55 percent of the emispan. The additian 
of the f’melage moved the lateral center of pressure inboard an average of 
about 3 percent semiepen throughout t h e  Mach number range. 

P 

I 

Pitching-Moment Chmacterist ics 
I 

Near zero lift coefficient,  the wing aerodymnfc  center was about 
32 percent mean aero-c chord and was almost comtant- throughout the 
Mach number range. This value campares with EL lox-speed a e r o m o - o e n t e r  
l o c a t i m  of 25. percent-mean aerodynamic chord near zero l i f t  obtained frm 
the unpublished Langley two-dFmenefmal-tunnel data. The addition of the 
fuselage moved the  aercdynamic center forweud about 7 percen5iiean aero- 
dynamic chord below M = 1.00 and forward t o  a lesser  extent at the 
higher Mach .numbers. A t  C, = 0.4 the wing-&me aerodynamic center 
v&ed fram about 22 percent mem aerodynamic chord at low Mach numbers 
t o  45 percent mean aerodynamic chord a t  M = 1.18. The unstable s h i f t  Fn 
aerodynamfc center at--low Mach number8 fn the hfgher CL range is even 

more pronounced for the wing-fuselqe condition. 

Effect of Wing Fences 
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It would appear that the we of either fence would reduce the  sever- 
i t y  of the unstable aerodynasnic-center sh i f t  cansiderably at low Mach 
numbers.  (See f i g .  9 .) . Rote also t h a t  w i t h  a wing fence  the  stabilizing 
aerodynamic-center s h i f t  a t  M = 1.10 is  reduced  considerably, and yc 
does not vary appreciably  with Mach number. The fences  produced only 
minor effects on the l i f t  and drag characterist ics.  (See f i g .  9 . )  

P 

Downwash and Dynamic-I?ressure Surveys In Region of T a i l  Plane 

The variation of isolated wing effective downwash angle with t a i l  
height and angle  of  attack  for  various Mach nmbers axe presented in 
figure 11. There is a f a i r l y  small effect  of t a i l  heist and Mach nmber 

above or below the wing chord line extended. (See f i g .  1 3 ) .  At the  hi&er 

appears t o  be a marked decrease in a€/& fo r  all t a i l  locations at the 
highest test Mach numbers. (See fig. ll) . 

' an as/& near zero l i f t  f o r  a ta i l  location between 30 percent 

. I  l i f t  coefficients  the  variations  of a€/& appear more erratic, but  there 

The results of limited downwash data obtained f o r , t h e  wing-fuselage 
condition are presented in figure 12  . . For angle8 of attack  greater than 4+' 
it w a s  not  possible  to  obtain data f o r   t h e  two Fnnermost vane positiona 
because of fuselage  interference. The dashed  curves in the  region  of  the 
chord line extended have been estimated f rom unpublished results obtained 
for   o ther  models of th i s  se r ies  w i t h  a free-floatfng t a i l  mounted m the 

. I  fuselage  center line . 
! 

The r e su l t s  of  point  dynamic-pressure surveys, made In a plane perpen- 
dicular   to   the chord plane extended at a = 0' and containing  the 25- 
percent mean-aerodynamic-chord point of the  free-floatfnR tails used in 
the downwash surveys, indicate t h a t  the loss Fn free-stream dynamic pres- 
8ure w a s  almost always lese than 10 percent up t o  M = 1.15 regardless 
of t a i l  height. (See f i g s .  10 and 13 .) 

Langley  Aeronautical  Laboratory 
National  Advisory  Cwnuittee for  Aermautics 

Langley Air Force Base, Ba . 

I. Schneiter, Leslie E ., and Z i f f ,  Howard  L . : preliminary Ikvestigation 
of Spoiler  Lateral   Cmtrol on a 4 2 O  Sweptback Wing a t  Transonic 
Speeds. NACA RM No .  L7Fl9, 1947. 

/ 
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TABLE I .- FUSELACX ORDINATES 

pasic fineness ratio 12; actual  fineness ratio 10 

the body; E/Llocated at 2/21 
achieved by cutting off the rear one-sixth of-- 

X/Z 

.005 
-0015 
.0125 
,0250 
.ow0 
-0750 
.loo0 
,1500 
.2000 
.2500 
.3000 
03500 
.bo00 

0 

O r d f n g  

4 2  

.00231 
,00298 
.00428 
,00722 
.01205 
,01613 
.01971 
-02593 
=03090 
-0 3465 
-0 3741 
*03933 

0 

.ob63 

L L . E. radiu 

%t ea 

4 2  

.4yX 

.5000 
-5500 
.6000 
.6500 
-7000 
,7500 . Boo0 
-8338 
.eo0 
.woo 
*95m 

1 .oooo 

- 
0 

r l l  
0 
.04143 

.Oh130 

.OW24 

.03842 

.oh67 

.03562 

.o 3128 

.02526 

.02000 

. O l e 5 2  
, 

. O l l 2 5  

.00439 
0 

. 

1 .. 

. -  

t 
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TAEULATED DATA 
Wmg 

Tmce semrspM area 
Aspect rat10 

Taper mho 
Mean aemdpunrc chord 
Inudence 
Dihedral 
Awfoll sectlon parallel to  

free acrstream 

a125 sgft 
4.0 
08 0 
0.180 f t  
0' 
0' 

LCenterllne of balance 
normal to hump wrface N A C A  65Alk?6 ~ 

\ 

Figure 1.- Ganeral a r r m g m n t  of model with 45' sweptback wing, aspect ra t io  4, taper ra t io  0.6, 

. .  . 
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Figme 2.- Details of wing fences tested on model wlth 43O meptback wbg, aspect ra t io  4, 
. taper ra t io  0.6, and HAGA 6p006 alrf'oll. 

. . .. . 
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Figure 3.- Details of free-floating t a i l s  used in surveys be- mDdel with 45' wreptback wing, 
aspect r a t io  4, taper ra t io  0.6,  and HACA 6yloo6 airfoil .  ._ P 

P 

. . . . . . . . . . ' 1  
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Figure 4.- Photograph of model with 45’ sweptback wlng ,  a spec t   r a t lo  4, taper r a t i o  0.6, 
and NACA 63006 t a i l s .  
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--- Nominal boundary-layer thickness 

M= 1.00 

Station m bump, in. 

ME 1.17 

Station on ‘bump, in. 

F 



.6 - .g *9 1.0 

Mach number, N * 

1.1 1.2 

Figure 6.- Variation of t e s t  Reynolds number with Mach  number for  model with 45' sweptback wing, 
aspect  ratlo 4, taper  ratio 0.6 and mACA 65~006 a h f o i l .  . - 

c 
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-.2 0 .2 .4 .6 -.2 0 .2 .4 .6 -.2 0 .2 .4 .6 
Lift coefbcient, CL Lift coefi3dent, CL Lift coefficient, cL 

~igure 7.- "one aerodynecmic characterietica f o r  mael vith $5' meptback wing, aspect ra%lO 4, 5 
taper ra t io  0.6, and HAGA 6s006 a l r f o l l .  - 
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1.0 3 
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.98 
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.93 
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M 

1.15 
1.10 
1.08 
1.0 5 
1.0 3 
1.00 
.Q8 

I. .Q5 
3 3  
.!a 
.E8 
8 5  

I .80 
-70 

L .a 

, . . .. . .. . . .  . . .  . .  .... . 

. 

-.2 0 .2 .4 .6 .8 -.2 0 .2 .4 .6 -8 -.2 o .2 .4 .6 .a 
LiftcOefKcieDt, CL uftcoeftlcient, CL LiitcoeWdent, CL 

Figme 8.- Wiwfuselage aerndpamic characteristics f o r  model with 4 9  meptback wing, aspeat ra t io  4, 
taper r a t i o  0.6, and HACA 65AM16 ahfoil. - 
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0 
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Figure 8.- Concluded. - 
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M 
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B e  
X 
. .  

J d 

8 Q  

M 

1.10 

1.00 

12 .80 

8 

4 

0 

-4 

0 

-.I 
-.2 0 .2 .4 .6 .8 -2 0 .2 .4 .6 .8 -.2 o .2 .4 .e .a 

Llftcoefticient, CL ' Lift cmfflclent, CL Lift coefficient, CL 

Figure 9.- Effect of wlng fencee on the win@uaelage aerodynemic characterietics for a model wlth 
45O aweptback wing, aepect ra t io  4, tapar  ratio 0.6, and RAcA 6 5 ~ 1 0 6  a m o i l .  
" Iu 

r 

. .  . . . .  
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-.16 
-.2 .2 .4 

Lift coefficient, CL 

I 
Figure 9.- Concluded. 
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I 
M = 0.70 CY= 10 M = 0.80 CY = 10" M = 0.90 

Wing alone 
-A"- Wing-fuselage 

0 

af=4 a=4O 

0 

a 3 0  a! = 0" 
1.2 .. 

qwake 
q 
- - sp - - - - 

'BF 
.8 - 80 - 40 0 40 80 - 8 0 .  - 40 0 40 80 - 80 - 40 0 .. 40 80 

T f l  

Tail height, ht , percent semispan 

Figure 10.- Dynamic-pressure surveys in region of t a i l  plane f o r  a model with 43O meptback wing ,  
aspect ratio 4, t ~ c A  631006 alrfoil  
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M = 1.00 a = 10" M = 1.10 M = 1.15 
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Wing alone ' !  

" - - Wing-fuselage 
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Figure 10.- Concluded. - 
. .. . 

' I  
. . .  . 



.- . . . . .. . . . . . 
I 

I 
8 6 6 

4 4 4 

2 2 2 

0 0 0 

-2 -2 -2 

- 8 0  -40 0 40 80 -80 -40 c 40 80 
Tail height, ht , 

6 

4 

2 

0 

-2 
-80 -40 0 40 80 

percent s e ~ s p a n  

6 

4 

2 I-) 
d 

0 :i 
I I .P I 

-2 
-80 -40 0 40 80 



' :  

I 

6 

4 

2. 

0 

-2 

6 

4 

2 

0 

-2 I i i7'i 1 . 1  I I , ,_ , 

a , d e g  -2, -1, 0, 1, 2, 3, 4, 6, 8, 10 

SpbOl  Q ~ n ~ * b . a d V  B ! 

6 

4 

2 

0 

-2 -.€a -.a 0 .40 8 0  
Tail height, ht 1 

6 

4 

2 

0 
I W / l  I I I 

-2 
-.eo -.a 0 .40 .80 
percent semispan 

! 

... 



NACA RM NO. LgA21 

W - 4  

M 

a Q) 

6 

- 4  
W 
h 

%+i 

8 
* o  

R -2 

ho 

a a, 
6 

W - 4  

'1: ail 

-2 
-1 
0 
1 
2 
3 
4 
6 
8 
10 

80 - 40 0 40 80 
height,  ht , percent  selnlspan 

Figure 12.- Effective darrrwash angles in r e a o n  of tail plane for a 
model with 45O sweptback win@;, aspect ratio 4, taper  ratio 0.6, 
anti mACA 65~006 a i r f o i l .  Wing f'uselage . 
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F W e  13.- €hmary of a e r o d p m l c  characterlstics for  a model vith 45’ sveptback ~hg, aspect ra t io  4, E 

r taper  ratio 0.6, and IYACA 6Y006 a i r f o i l .  - 
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